Abstract. L-Phenylalanine ammonia-lyase (PAL) activity is low in the external layers (flavedo) of intact mature grapefruit peel. Flavedo discs evince upon incubation increasing PAL activity and ethylene production. Light has no effect in enhancing PAL activity in discs. Exogenous ethylene stimulates PAL activity in the flavedo of intact mature grapefruits (half maximum stimulation at 15 ppm); such activity rapidly decreases when fruit is removed from the ethylene oontaining atmosphere. Carbon dioxide inhibits both ethylene production and PAL activity of discs; exogenous ethylene only partly relieves PAL inhibition. Cycloheximide inhibits both PAL activity and ethylene production by flavedo discs. The same concentration of cycloheximide also inhibits PAL activity of discs in the presence of exogenous ethylene. Protein synthesis seems therefore to be needed at both levels of ethylene evolution and enhancement of PAL activity.
Irradiation of citrus fruits results in an increase in L-phenylalanine ammonia-lyase (E.C. 4.3.1.5) (PAL) activity in the flavedo, the external colored peel layers 1 (16) . Other treatments or conditions which result in increased PAL activity in plant tissues include wounding (4, 13, 23) , disease (13, 15) and light (4, 5, 6, 17, 23) . In some cases the increase in PAL activity was shown to be due to de novo synthesis of the enzyme (7, 14, 20, 23, 24) . The observation that irradiated (11) , stressed (19) , wounded (9, 12) , or infected plants (9, 18, 21) produce more ethylene suggests that ethylene mav play a role in increased PAL activity. This idea is also supported by reports that ethylene can regulate protein synthesis (1) and PAL activity in sweet potato roots (10) .
This paper presents data which show that ethylene plays a role in increased PAL activity in citrus flavedo. Ethylene at different concentrations was supplied to intact fruits in 13 liter jars with a continuous air stream at the rate of 200 ml/min. Carbon dioxide and ethylene were supplied to flavedo discs incuibated in Petri dishes placed in 2 to 4 liter jars, with an air stream of 100 ml/min. Air and gas were supplied through a system of flowmeters permitting adjustment but the fine calibration was performed by gas chromatography (C,H4) and Orsat gas analyzer (CO2). Experiments were carried out at temperatures of 250.
Materials and Methods
Enzymle Assay. PAL was extracted from acetone powders of peel tissues. The enzyme extract was partially purified with ammonium sulfate and assayed by following the increase in absorbance at 290 mu as previously described (16 Fig. 3 ). The data in Fig. 3 therefore show that a continiuouis exposture to ethylene is required to increase PAL activ\ity anid in the absence of the gas PAL activity rapidly decreases.
The sigmoid shaped curv-e of Fig. 3 is different from the exponentially shaped curve of Fig. 1 which is probably induced by the endogenous upsurge of ethylene (Fig. 2) . A concentration curve of ethylene action on PAL activity in flavedo of intact fruits during 24 hr is shown in Fig. 4 response. Flavedo discs were therefore incubated under a flow of air containing different concentrations of carbon dioxide and their PAL activity measured after 28 hr. Fig. 5 shows a progressive decrease in PAL activity with increasing carbon dioxide concentration. Upon addition of 300 ppm ethylene to the 20 % carbon dioxide concentration the inhibitory effect was partly relieved, PAL activity increasing from 39.6 % (Fig. 5) Fig. 1 and 2, flavedo discs seem to be a very convenient model for studying the possible relationships between these 2 phenonmena.
The present results indicate that PAL activity in the flavedo tissues of intact grapefruit peel is low. However, flavedo discs cut from the peel evince upon incubation a remarkable increase in PAL activity.
Increased PAL activity of flavedo is also observed when intact fruits are treated with ethvlene or irradiated with gamma radiation (16) . The development of PAL activity in discs is inhibited by CH and carbon dioxide.
On the other hand, endogenous ethylene production of intact citrus fruit tissues is also low (2), and increases upon cutting in incubated flavedo discs, as does PAL activity. Increased ethylene production of intact fruits is also indduced by gamma radiation (11) . The production of ethylene by flavedo discs is inhibited by CH and cailbon dioxide.
On the basis of the data described it seems reasonable to consider the upsurge of ethylene in discs as a causal agent for increased PAL activity for several reasons. PAL activity is induced by exogenous ethylene in intact fruits, but decreases when fruit is removed from the ethvlene atmosphere. Moreover, in irradiated fruit there is a close correlation between ethylene productioni and PAI, activity in the flavedo (unpublished data). Carbon dioxide wNhich inhibits ehvvlene production of discs also inhibits PAL activity. The inhibitory effect of carboln dioxide is partly relieved by exogenous ethylenie. The appearance of PAL activityt in discs seemls to be due to de novo plrotein synthesis, which ethvlene is considered to regulate (1) . Increased PAL activitv in sweet potato root discs has also been recently shown to be induced by ethvlene (10) .
The increase in ethylene production of flavedo discs is inhibited by CH, suggesting protein synthesis is necessary for the additional capacity in ethylene production.
CH inhibits PAL also in the presence of exogenous ethylene, and this is not unexpected if enhanced PAL activity is a consequence of de novo synthesis as previously advanced (7, 14,20.23,24) . The fact that other inhibitors which were found active on PAL in other cases (14, 20) do not inhibit PAL activity in flavedo discs, may be due to different reasons, as lack of penetration in the tissues or enzyme specificity.
In flavedo discs no indication is found (see Fig.  1 ) of the existence of an inactivating system for PAL activity as shown by Zucker (24) and others (7, 20) . Some data from irradiated intact grapefruits (16), the differences in patterns of curves in Fig. 1 and 3 and the rapid decrease in PAL activity when intact fruits are removed from ethylene ( Fig.  3 ) seem however to point to the possibility that a system inactivating PAL may exist in intact citrus fruits.
The emphasis on the role of ethylene as a factor inducing enzymatic activity under stress conditions (in this case physical damage produced by cutting) is in line with recent work in the field of plant pathology (10, 18) and stress physiology (19) .
